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Late  Pleistocene  Oscillations  of  Sea-level  in  the  Ottawa  Vu.ley. 
By  W.  A.  Johnston. 


INTRODUCTION. 

It  has  long  been  known  that  during  late  Pleistocene  time  an 
arm  of  the  Atlantic  extended  westward  far  up  the  St.  Lawrence 
and  Ottawa  valleys.     Extensive  deposits  of  marine  clays,  known 
as  the  Champlain  or  Leda  clays,  and  old  sea  beaches,  at  con- 
siderable heights  above  sea-level,  have  long  been  known  to  occur 
in  the  St.   Lawrence  and  Ottawa  valleys  and  have  furnished 
eviden.  e  that  the  land  had  been  depressed  relatively  to  sea-level 
and   had   subsequently  emerged.     It  is   known    that   stratified 
sands  and  clays  holding  fossil  marine  shells  occur  in  the  Ottawa 
valley  at  various  altitudes  up  to  at  least  4S0  feet  above  the  sea 
and  that  old  sea  beaches  occur  at  higher  altitudes;  but  there  has 
been  doubt   regarding  the  upper  limit  of  marine  submergence 
because  of  contradictory  opinions  expressed   by  different   in- 
vestigators.    It  is  known  that  the  upper  limit  of  the  marine 
deposits  rises  gradually  towards  the  north,  but  altitudes  of  the 
raised  beaches  in  this  region  have  Ijeen  determined  at  very  few 
localities  so  that  comparatively  little  is  known  regarding  the 
extent  and  character  of  the  diflferential  uplift  which  affected  this 
portion  of  Canada  during  late  Pleistocene  time.     (Pleistocene 
time  is  herein  considered  to  have  ended  and  Recent  time  to  have 
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fH'Kiin  afur  the  (lis.i|)(K;ir;in(f  of  llic  i(  .->lurt  .iiul  wliin  sea  and 
land  had,  approximanly.  att.iiiud  lli.ir  pr.-ini  rtlati  .n^hif).) 

I  III-  rnarinc  laiiiia  of  llic  Champliiii  cli|K,siis  in  the  St. 
I  awriiuf  and  Ottawa  \.illi>>  \va->  >tii(li.d  |,y  Sir  J.  \V.  Dawson, 
J.  i".  \Vliitia\(>,  M.  M.  Ami.  ami  other  ui<.lo«i>is,  and  (on^idtr- 
al)lc  information  ha.-.  I.ci'n  piil.li-lu-d  r.nardini;  the  ( harai  t«T 
and  di-trilnition  of  the  laima.  I.tit  thr  sij-iiilKand'  of  thf  fauna 
with  rt^ard  to  the  om  illations  of  sta-ltM'!  has  not  li>in  fully 
ronsi(ii  nd. 

Thf  lollowing  is  a  brief  summary  of  the  results  of  field  work 
done  largely  during'  the  held  season  of  l')I,S.  Hie  area  in  the 
vicinity  of  th.'  city  oft  )tiaw,i  was  e-rH-rially  studied,  hut  numcrou.s 
localities  in  the  Ottawa  valley,  from  Montre.d  100  miles  e.ist  of 
Ottaw.i  to  Renfrew  00  miles  west  r»f  Ottawa,  were  also  examined. 

AeknowIedKUients  .ire  due  to  J.  Keeic  of  this  Dejjartment 
for  co-operation  in  the  field  work  during  (lart  of  the  field  sea.son, 
and  to  I.  1-:.  Stewart  w  ho  acted  as  aasistant. 

Till,  C.LACIAL  III  I'OSlls  .\M)  DIRIXTIOXS  OF  ICI';  MOVIiMKNTS. 

The  Riacial  dc,  osits  in  the  Ottawa  valley  consist  of  till  or 
boulder  c'ay  and  lluvioRlacia.  sands  and  gravels.  These  deposits 
are  generally  concealed  by  a  covering  of  marine  sediments,  but  in 
places  they  appear  .it  the  surface.  Where  seen  in  sections  they 
are  generally  found  to  have  no  great  thickness.  They  arc 
irregularly  distributed  and  over  large  areas  the  bedrock  outcrops 
with  little  or  no  drift  covering.  In  places,  also,  the  marine  clays 
rest    directly   on    the    bedrock.  some   sections    the    glacial 

deposits  show  the  three-fold  division,  upper  till,  middle  sands 
(fiuvioglacial),  and  lower  till.  In  places,  the  Huvioglacial  .sands 
appear  at  the  surface  with  no  till  covering  and  outcrop  as  ridges 
or  irregularK-  shaped  hills.  Their  fiuvioglacial  origin  is  shown  by 
the  markedly  cross-bedded  character  of  the  bedding,  the  coarse- 
ness of  much  of  the  material,  and  by  the  faulting  and  crumpling 
of  the  beds  as  if  from  settling  following  the  melting  of  included 
ice  masses.  They  probabK-  have  little  significance  as  regards 
a  lengthy  retreat  of  the  ice.  The  upper  till  sheet,  in  places, 
includes  lenses  or  irregular  masses  of  stratified  sands  and  gravels 
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rfsoml.linR  the  undfrlyin^  lluvi..^.|ari;,l  ,|,.rv,sifs.  Th.M-  nus..-s 
in  ^,mi-  <  a,e«  at  It-ast.  ..[.p^ar  to  l.r  "U.ui.KTs"  in.-..rp..r,itr.|  in  the 
till  shwt  by  the  pIouKhin^  up  .,f  tlx-  iiii.lrrM.iK  ,1,().mi,  |,v  ih.- 
Kv;  for  thfv  arr  irn-s-i-lar  in  .hap,.  u.,|  ih,-  ,u.  irrlvinK  sm.ls  an- 
in  plads  (li,iurl«-(|  a>  if  liy  llu- om  rri.liiii;  ..f  the  i,  ,■. 

There  are  ;;t  least  two  dis.i,,,  t  m  is  nf  Mri..  m  the  .listrirt 
as  has  been  nnte.l  by  other  writer-.'  One  ..t.  whi,  h  i.  the  morJ 
pronoiin.e,!,  tr.n.ls  ne.irly  south;  the  other,  whi,  h  is  the  laler 
treii.is  „..,,rly  xnitheast  This  shows,  .,t  l.a-t.  ,.  ,„  ,rk:e,|  e'.anKi' 
ni  (lire, Hon  of  movein-nt  of  the  i.e-sheet  .inrin^-  tl... ,  lo,ini;  si  ,^e 
of   ulaiiatioii. 

\"  well  m.irkifl  tennin.il  nior.iines  oe,  ,ir  in  the  vicinity  of 
Ott.iwa:  but,  between  ()tt,,wa  ..n.j  Montr.,,1.  ,,  xronclv  n,,.r'ke<l 
kettle  niorainc  or  series  of  moraines,  showing  •h.ir.uierisiie  knob 
and  basin  tofx.graphy,  exien.ls  southwestwani  from  a  [x.in;  on  the 
Ottawa  river  a  few  miles  below  Hawkesburv,  through  \lex- 
andri.i  and  beyond,  towanls  the  St.  Lawren..'  river  This 
moraine  or  series  of  moraine's  apjHars  to  mark  th.^  culmination  of 
a  shRht  readvance  of  the  ice  duriiiK  the  latest  staK>.  of  I'leislocene 
glaciation. 

No  marine  sediment.s  are  known  to  be  overlain  bv  glacial  till 
m  the  Ottawa  valley  and  no  deixjsits  which  imght  be  regarded 
as  interglacial  are  known  to  r.ccur.  It  is,  fx.ssible  that  the 
region  was  invaded  by  ice-sheets  during  early  stages  of  I'leistocene 
glaciation;  but,  if  so,  no  definite  records  have  been  left  so  far 
as  IS  K  Mown.  It  is  prol)able  that  the  glacial  deposits  in  the  region 
all  btjong  to  the  latest  or  Wisconsin  stage  of  glacia'ion. 

i;xTi;\T  OF  THE  cii.ampi.ain-  si;.\. 

It  is  impracticable  to  definitely  trace  the  northern  boundary 
of  the  Champlain  r.ea  at  its  ma.ximum  extent  in  the  Ottawa  v.illey 
because  of  the  w.-akness  of  d.Nel.,pment  of  the  highest  -hore-line 
and  because  of  the  character  „{  'he  rockv  upland  ,,rea  which  is 
unfavourable   for   the  de^eI.,pment   of  ^hore-line  features;  but 

Th,  n),''*"'v^''  ■"■•,.  '■'''"''  ""  ""  P'-'i'-'ocene  geology  of  a  (e«r  p|a„-,  in  ,h..  ( Wawa  valley  " 
The  Ottawa  Nituralis!.  vol.  XI.  Nn.  12.  Isy.S.  |.->.  2nV-iM.  ^■uiry. 

01  the  C  t>  of  Ottawa  and  viamty."  (i.ol.  Surv.,  Can.,  IWl,  p.  18G. 
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altitud.-.  of  ,h  hiKhrst  hoarh.  .ktormi.u-l  a,  a  f.w  lor  ,|i,i.. 
an.I  .Iu.hs,nhu,io„  m  ,he  n.ar.n.  ...|inu.„,s  show  thir  i,™  ^^ 
he  nor,h..rn  U.undarv  lay  alo„,  .h.  fa.e  of  th  I  .  r  n,  a 
Pla,r.U..s..arp„u„t,  uhi.h  .H.r.I..rs  .h.  lowlands  on  h  "^u'l 
am  u..„,|s  .n  a  „.arlv  ea.r  a„.l  ...,  dire, , ion.  rou.hly  p.T.I 
to  th..  ,our.v.  of  ,h..  ()„aua  riv.  r,  and  a,  ..  distanr.  kJ^'  : 
of  only  a  f.w  miles  north  of  the  riv.r      S,v,.r,     I      "^    '  ''"'^ 

...,.,v„,,.,,K  ,,,,..„.,.,,,„,,,,;;;:, ,,-;:;;;';-;» 

Which    (low    fr.,n,    the   north    and   join    the   Oii.w.      Tl 
cx..„ded  f..  up  .he  Ottawa  valley.  ^.ssiMv  a^f^    ^  He       .d^i 
,:':      "l-'^— "«•  ,^;-ine  fn..i,s  are  known  to  oe.ur  in     ,^ 

tawa.     .Above  th.s  pomt  the  Ottawa  vall.v  is  narrow    so  thi. 
dunnK  the  t.n.e  of  n.arine  sul.,ner,en.e  the  upj^-r  p:;.  ^f    ^ 
valley  was  a  long,  narrow  estuary  i      ^  oi  me 

but  in  V""T"'":  ""•■'''"  "'""'  ^'^  '^«''  ""t  'H-n  trace! 
but  .  ,s  known  from  the  altitudes  of  the  raised  l.eaches  a,ul  torn 
ho  d,str.hut.on  of  the  marine  sediments  that  it  was  undecT 
approx-mately,  |,y  ,he  eastern  border  of  the  I'  e-CamS  n 
upland  area  in  south-central  Ontario.  The  shore  line  exTenr^ 
..uthwarcl  from  the  vicinity  of  Renfrew  to  near  h  "a^t  ,'  d 
of  Lake  Ontano^  At  the  highest  stage  of  marine  subm  "  „"« 
he  port:on  of  the  triangular  area  between  the  OttawT  m  I  St' 
La.-rence  r.ver.s.   King  east  of  a   line  drawn   from  Ottawa   to 

j;;e:.-.c.ft^marmn^^^^^^ 

Onta..„  basm;  for,  although  marine,  fossil  shells  are  known  to 
occur  m  the  cla>s  only  as  far  westward  as  Hroc  lie  ."the 
St.  Lawrence,  yet.  the  clays  are  continuous  westwar.  an."  he 
marme  foss.ls  occur  at  such  high  altitudes  as  ,o  make  i  c  rtdn 
.ha    the  marme  waters  entered  the  Ontario  basin..     In  tL-  uprr 

as  in  tr on"  '■■•  ^^rT'  '''  -'--«-«  was  not  so^ 
as  m  the  Ottawa  Nalley;  for  the  Ottawa  vallev  lies  at  a  lower 
level  anc   was  depressed  to  a  greater  c-xtent,  as  is    hown  b     the 
h^er  altitudes  of  its  marine  cjeposits.  ^ 

vol.  TZl  ^-  ''••  ""="■"'  ""•    '™--'"  '--""  0,  Onurio."  B.«.  Oo,.  s«.  An... 
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The  upper  Limit  <>/  .\farine  Suhmerzenie. 

T!if  tipjxr  limit  of  rii.iriiu-  -iilimcrjjfncf  in  tin-  vicinity  of 
Ott.iwa  w.is  (li  tiTniiin-(l  in  IN"  h;-  Hamn  t  I'-r.irtl  <lf  ( iirr  (if 
Swwiin.  Till'  altitiitlf  of  tin-  liiKlu-t  >hori-line,  ,is  (li-tcTmined 
by  fiarointiv  .  wa.s  found  ly  df  (.it-  |i,  |..>  705  fiit  alwivc-  the 
sea.' 

In  lOOV  R.  Chalni'-rs  staiid  tliat  he  had  rcrmMMiml  the 
altitude  of  the  hi>;he>t  -hore-lincat  Kinn-r  leri-,  mar  Ottawa,  and 
found  it   to  \\e  910  feet  above  the  sea. 

<     .isideratiii   ditliiiilty   .irixs   in   altemp;  '  i  determine 

the  highest  shore-line  in  the  Ottawa  valley  (,v  ,  .  artly,  to  the 
fact  that  the  highext  bea(  h  i>  never  sJronnv  .levelojM'd,  as, 
app,ireni!v,  the  >ea  did  not  st.i  id  long  at  the  hiKhest  level,  and 
partly  lieraiisc  at  the  hi|„her  .dtitudes  the  s1o|H's  are  generally 
steep  and  nxky  with  little  <lrift  (overinji  so  that  little  material 
was  available  for  ronstrurtion  of  wave-built  features.  Two  of 
the  most  favourable  local'ties  for  observing  the  shore-line  are  at 
Kingsmere,  8  miles  northwest  of  Ot  tawa,  and  at  Kigaud  mountain, 
70  miles  east  of  Ottawa  and  M)  miles  west  of  Montreal. 

The  Kingsmere  locality  is  oiu'  of  the  most  favourable 
localities  in  the  Ottawa  vallev  for  the  determination  of  the 
upper  marine  limit  because  of  the  occurrente  of  a  sheet  of 
iioulder  clay  on  the  southern  slope  of  the  "mount.iin"  and 
because  of  the  gocnl  exposure  to  wave  action.  In  the  stream 
valley  leading  up  to  King  're  from  the  east,  a  deiK)sit  of  strati- 
fied sands  and  gr.ivels  rs,  overlyin;-  stratified  clay.  The 
upper  limit  of  the  stratifii  ands  and  gravels  is  sharply  defined 
and  forms  a  terrace.  Tlie  altitude  cjf  the  inner  edge  of  the 
terrace,  as  determined  by  levelling  from  the  tir.st  road  corner 
above  this  locality,  the  altitude  of  which  is  given  on  the  Ottawa 
map  sheet,  issued  by  the  Department  of  Militia  and  Defence,  as 
796  feet,  was  found  to  be  6S8  t,i  690  feet  above  the  se.i.  The 
boulder  clay  slope  rises  to  an  altitude  of  over  200  feet  higher, 
but  no  evidence  of  wave  action  could  be  found  above  an  altitude 
of  690  feet.  This  locality  is  probably  the  same  as  that  at  which 
d?  Gccr  determined  the  altitude  of  the  highest  short-line  to  be 

'  De  C^eer.  Cerard,  "On  Pleistocene  changes  of  level  fn  eastern  North  America,"  I'roc. 
Nat.  Hist.  See.,  Uoiton.  vol.  .XXV.  HMi.  pp.  454-477.     (Map,) 
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nnnat.on,  which  woul.l  roulilv   w  ^^  "  barometric  ch-t, 

It  -  not  known  on  .ul    ^^H:"^!^    "^  ">e  slight  di.fcrcnc 
•iltitude.  i.r<)iin<ls  Chalmers  chose  the  high 

a;  -rio..  ...in,.,;;  u , :.  !:z:';i ,::::  "'t/"1'  "-""■  ^"^  > 

af  'ntm-als  in  the  Led  of  the  ere  k  ' ,  ■^,''' ^''•'>--' ^'^^ '-M'ose 
"PPer  hnmlxinKabout  605  feet  :>;  '^'"''"^  ^''"^"''-'  t^^'i 
that   they  are  all   marine      Th's    "  ™"   '"  ''"'*•  ''"-'' 

>n..t  of  marine  submergence  at  .1  "V'''  '^'  "'"  ""P- 

that,  dnrin,  the  maxinu.m        '      f '"■■.^'' ''^^'^  ■'  '^  P-l-aiwc 

«easto,KlataI,„ut688to69()fee,  """""  ^"''"•^TRcnce,   th. 

At  Rijraud  mountain  occur.;  lU 
«tone  beaches  which  h  v.^^     ""  "rT'^''''^' ^""^  ^^ -'■'''.- 
an<l  an  effort  was  mad     ,o     ,  "7'  ''^'  ^'■^■'•'••''  K«''"Ki^ts 

that  locality.  The  mo  v  n'bTe'J  ^''^'  ''''''''  ^^'^"-'" '  t 
St.  George  road,  near  the  en  "7  ^  ''  "^''^  '^"""^'  '"  ''c  along 
boulder  clay  slopes  oc  ur  '  i^l'^^"!  *'^'  "'"""^-■"-  -here 
f^t      Along  St.  George  road     nd  °'"  '"^  ^"  ^'^'^'^  '"O 

of  the  crossing  of  the  road  1    '7     '''"'"  V"'"^"'"-'^''-  "'i'^-  West 
a  -'all  but  well  formed  gri-ei:/,h7;''  '"T  ^'■^"^""  -"'^^^ 
appears  to  mark  the  upper   in  it  of  ^'  '"■  ''"'  ^•^™^^>  ^hich 

'o-hty.  The  crest  of  tTe  ^rav  rlT^""'  -bmergence  at  this 
above  sea-level,  as  determfn'l  b" t-n^^^^  feet 

estabhshed  at  Rigaud  station  bvnle,'^  T  "  ''^"^h-mark 
Depar.n.ent  of  Public  W . "  'j^^'  '^^7'h"K  clone  by  the 
and  down  to  about  200  feet    -'.t  R  ,'"  """"^'^  °^  ^00  feet 

are  remarkably  well  develops  ';'^?"'  ""'""tain,  the  beaches 
especally  the  case  at  altitn  i?  '''"''''>'    ^P'^^f-d-     This  is 

;;ona..y  strong  bead^allo't  ::':/,T^f  T  '^^  ^'  ^^P" 
strength  of  development  of  th  beaci,e!'  /?t.  J^'  '^"^''^kable 
doubtlessly,  to  the  fact  that  durin.the      ,  '°'"''"^>-  ^^^  ^"^. 

f-rned  an  island  exposed  on  jid;'""*^^'""''''^'' "-""tain 
abundance  of  mater  al  on  the  .■  "  ''"'''"  ^'^^es  with  an 

'luws  uiat  an  almost 
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continuous  emergence  of  the  land  took  place,  hut  prol)aI)lv  with 
a  more  rapid  emergence  .it  the  liinhe^l  levels  and  a  slowing  down 
at  the  lower  levels. 

The  altitudes  of  the  highest  raixd  I.e.uiies  at  RiKaud  and 
KiuKsniere  show  that,  in  this  portion  of  the  Ottawa  valley,  the 
direction  of  m.iximum  uplift  was  i.roliahly  -liiilitly  west  of 
north,  for  the  Rigaud  locality  at  whi.  h  the  hi:<h,-.i  luach  was 
measured  is  about  ,•?  miles  south  of  the  latitude  of  \hr  Kiiit;>niere 
locality  and  the  hi.yhest  beach  at  the  latter  place  is  17  to  10  feet 
higher  than  at  the  former:  imt  the  information  i:,  not  very 
definite  because  the  rate  of  tilt  is  not  known. 

Altitudes  of  Raised  Beaches  at  Loiver  Lncls. 

Raised  beaches  o(  cur  throughout  the  Ottawa  valley  at 
numerous  localities  and  at  various  altitudes,  but  it  is  im[)os>ible 
in  most  cases  to  tr.ice  individual  be.iches  for  any  great  (list.\nce, 
so  that  the  altitudes  of  the  lower  beaches  furnish  little  information 
regarding  the  direction  of  maximum  uplift  and  rate  of  tilt. 
One  beach,  however,  which  can  be  traced  for  a  considerable 
distance,  was  found  to  occur  in  the  valley  of  the  Ottawa  river 
above  the  city  of  Ottawa.  This  beach  probably  marks  the  out- 
litie  of  a  lake  which  was  formed  after  the  partial  or  complete 
withdrawal  of  the  marine  waters,  for  no  marine  fossils  are  known 
to  occur  in  its  deposits  and  in  the  vicinity  of  Ottawa  strongly 
marked  river  terraces  and  river  gravels  occur  at  altitudes  nearly 
correstwnding  to  the  altitudes  of  the  beach  in  the  upper  part  of 
the  basin.  Altitudes  of  this  beach  were  determined  at  several 
localities  as  follows: 

Two   miles  southeast   of   Urerkenridse,   near  the   Canadian   Pacific        '''^"' 

railway,  crest  of  St  ronK  gravel  bar 2()4 

Three  miles  northwest  of  .\\  liner  and  one-(|uarter  mile  north  of  the 

railway,  crest  of  gr.ivel  beach  riilge 256 

At   Aylmer,    100  yards  northwest  of  the  Canadian  I'acific  Kailw.iy 

'lat'on.   crest   of   stronj;  gravel    barrier  beach  151 

One-ha  f  mile  north  of  Kraser's  mills,  crest  of  sand  and  gr.ivel  beach    '  '47 

One-half  mile  west  of  Taylor's  wharf,  crest  of  strong  sand  and  gravel 

spit "  ,.,. 

One  and  one-half  miles  northwest  of  Uimrobin  Post-Ofticc   near  the 

cross-roads,  crest  of  strong  gravel  beach  i(,m 

One-quarter  mile   northeast  of    South   March   Post  Office, "base '  of 

terrace  and  bluff  cut  in  marine  clay. . .  142 
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exce^IJ^i:;';^^:;-::  'z:^'^-  -'--  -^  a..  w.h . 

altitudes  were  <Jeter..;:;,'X  ,;;"''-'-  '^'^-^"l'  '^^"  '•^^  ^^ 
of  Lake  Deschenes  or  the  olrZ'  ?' ^"'"'  ^^"^  water-.ev 

;he  lake  pn,.r.  the  althuci^rhld';  I'  /h^t^'^"'^  "^'^^  ^''- 
from  hench-mark.s  estal.lish,.,!  '  '  ^  """  ''■^'  determine 
Depar,n,e„t   of   PubhY-   U     kl      Th     f    """'"^  ''""'-"  '^^  '^ 

'•      "^'-"   'ast    two   altitudes   we, 


and    Defence.  ^  •    ^'^'^  t)f-partment  of  Militia 
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In  the  southern  part  of  tho  basin  altitudes  of  the  shore-line  arc 
not  definitely  determinal)le  In-cause,  ajjparently  differential 
uplift  caused  a  transgression  of  and  a  cuttiris  away  of  the  original 
shore-line  in  this  part  of  the  ba>in.  The  altitudes  of  this  beach 
are  not  sufficiently  numerous  to  accurately  determine  the  direc- 
tion of  maximum  uplift  and  rate  of  tilt,  hut  they  show,  ap- 
proximately, that  the  differential  uplift  whicii  affected  this  area 
during  the  life  of  and  after  the  disappearance  of  the  lake  was 
greatest  in  a  nearly  due  north  direction  and  that  the  rate  of  tilt 
is  about  3  feet  per  mile  over  part  of  the  basin.  The  high  rate 
of  tilt  as  shown  by  the  deformation  of  this  beadi  is  remarkable 
when  it  is  considered  that  the  present  altitudes  of  the  beach 
record  only  the  differential  uplift  which  took  place  during  the 
latest  stages  of  the  marine  submergence.  It  also  shows  that  the 
region  north  of  the  Ottawa  river  was  probably  affected  by  a 
greater  am  iunt  of  uplift  than  has  affected  the  Ottawa  region. 
It  is  known  that  the  direction  of  maximum  uplift  over  a 
great  part  of  the  C.reat  Lakes  region  is  in  a  direction  about  north 
20  degrees  east.  The  change  of  direction  to  nearly  north  in  the 
Ottawa  valley  nearly  coincides  with  the  direction  of  general 
glaciation.  This  support?  the  view  that  the  uplift  of  the  land 
was  due  to  isostatic  readjustment  following  the  removal  of  the 
burden  of  the  ice-sheets,  which  theory  has  at  least  a  high  degree 
of  probability  to  supjxirt  it. 

Cha-acter  of  the  Champlain  Clays. 

The  Champlain  or  Leda  clays,  as  they  were  named  by  J.  W. 
Dawson,  have  long  been  known  tt)  be  widespread  in  the  Ottawa 
valley  and  to  have  a  maximum  thickness,  in  places,  of  nearly 
200  feet.  They  are  exposed  in  numerous  sections  in  the  vicinity 
of  Ottawa,  at  various  altitudes  from  1,?0  feet,  in  the  If)west  part 
of  the  Ottawa  valley,  up  to  600  feet  abo\e  sea-level,  the  highest 
locality  at  which  they  are  known  to  occur  being  in  the  stream 
valley  leading  up  to  Kingsmere  from  the  east. 

In  physical  character  the  clays  are  markedly  different  in 
their  upper  and  lower  portions.  The  lower  portion  is  a  sandy 
and  silty  clay  often  well  laminated,  especially  towards  the  base. 
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grained  and  contains  loss  silt  -,nd  s^n  1         '  ■  K^'"<^'-^"y  f 

lower  clav  in  places  passes'^p^    r"  ;.  s  ^d"^  ThT^  ''"''" 

njarkedly  at  altitudes  fn.n,  20.)  up  ^   t^]J^TT  " 

alons  the  Ri,leaii  river  ne.r  U;.}         ■  '     '"  f'^'^'-^s- 

the  I„wer  silty  c  •.-    s  "    „  '^'^'"'"  ,J""^^'""-  'he  sand  overlv 

•n-  the  uppe    ..      '    Vhe  '""f  "^  '"  "-''-■'  '^i-k  and  is  .,verl 

often  strong  V  ripple  J.rked'"  f  ''^  ,'"r'""^'  ^■"•"'>-   ''"'''"l  ' 

valley  near  O.tv    the   ',  i  -  "    ""  ''/r'^-^'-  "f  the  (.tta 

lower  siltv  clav  is  ovcrl.in.cH     '"■'''  """  "'  ^'''^^"^  •""'  ' 

clay  shows  everv   'vid 'n  e  ;  r'^'  ''^  '^''^  "PP.r  clay.     The  Io„ 

ated  stones  ancl^:;;'  r.^       ':.(;~;,;:f.""--^  k-     r.a 

of  the  riavs  .nd   the  |,„i  ^    ^  '"  ^^^  '"^^'^'^  l""-ti. 

contorted  as  intt::;::;;„n^,£-—-p'^;i  a. 

in  the  Led  of  the  ^:.::^  "  ^g^t,  Ki,:!'^  ^''T"  '^•'^^'  ^' 
The  contorted    beds   -.re   inT.f  ^^  "P^m^re  from  the  eas 

undisturbed    iJ:^.^:^^:^^'''"^''''   ""'"'""   '^ 
mation.     The  lower  siltv  ,n,l  ^  "'.^'"'f-    f  ^"'^'"^P^f-'neous  defo, 

of  the  marine  se:::::^ l"  X^e  Stl- ;['^7T-  '-'" 

were  derived   from  the  waters  of  th"  ''""^"  '''^'  ^'^'■ 

could  not  have  been  far  !  s  ant     h  n  thTclLT  '"•^'^"  ^^■''''•' 

The  upper  clay  overlies  Z)  ^    '"^'"'^  deposited 

practically!;!;  altitu:ir^omtow::tV:::^ro''^'  ^''^^  ^ 
up  to  at  least  425  feef      If  ;  n  ^  ''*'  OtUnva  xallej 

b« ...  Place,  >.:!:t2zrz:£:':;[^  r  f '-'  ■-■'^ 

more.  The  uoDcr  rhv  ,i;ff  '""^''"css  ot  20  feet  or  possibly 
from  the  loXl  n      I    if"  T'  /"  '''''''''  '-'^--t- 

clay  generally  in  lam  n  ed  .dth  f '  .'""^^"■"•^"  P'^^^ 
portion  near  the  cont"  "  w,th  he  ""J",  "^'"^'^  '""  '^^  '°-^^ 
beds,  but  becominrne  1  /       ""derlymg  sandy  or  silty 

Boulders  oc cur  occa^on  I  v  r^nd"  ""k"  ''"  '^^  "'^P^''  ^^''-- 

as  if  dropped  fromSr  tor  e'-flTestthr''^^  "'  f  ^'^^'^ 
by  Hind,'  but  the  upper  clav s  Ire  "0^1  ":"     ascribed 

or  disturbed  except  Xr7.  7,T  ?""'""  '°  ^'^  <^^""ipled 
a    except    v^here    landslides    have    occurred.     The 

'Canadian  Monthly,  Sept.,  1875. 
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physical  character  of  the  upptr  clay  shows  that  it  was  1  irKcly 
(icriverl  frf)m  the  erosion  of  land  surfaces  by  stream  and  wave 
action.  It  must  have  been  deposited  in  a  considerable  de|)th  of 
water  because  of  its  fineness  and  the  even,  undisturbed  character 
of  its  beddinj;. 

The  physical  character  of  the  Cliamplain  clavs  in  the  ( )t',awa 
district  shows  that  ditTerent  climatic  and  [.hv-ical  conditions 
existed  during  the  times  of  de|)osilion  of  the  luwcr  and  upper 
clay.  I'p  to  the  time  of  ma.xinuim  sulMncruencc  of  the 
land  the  ice-sheet  was  probably  not  far  distant,  but  durin.i;  the 
greater  part  of  the  time  when  emcrKcnce  of  the  i.uid  wa>  t.ikiiig 
place  the  ice  had  retreated  far  to  the  north,  'riie  i)liy-ic.d 
character  of  the  m.irine  deposits  al^)  suggests  that  the  >ea  ro.-e 
on  the  land  as  the  ice-sheets  retreated. 

The  Signifuame  nf  the  MoUuscan  Fauna  of  the  Champlai)!  Clav. 

Fossil  marine  shills  of  species  of  mollusca  occur  abundantly 
in  the  Champlain  clays  of  the  Ottawa  district,  but  they  are 
confined  almost  e.xclcsively  to  the  lower  clays.  The  connnonest 
and  most  characteristic  fossil  shell  found  in  the  lower  clay  is 
Portlandia  (Yoldia)  artica  Cray  (-Z,C(/a  .q/uc(«//,s),  from  the  aliun- 
dant  occurrence  of  wliich  in  the  clay  the  name  "Leda  clay"  was 
given  by  J.  \V.  Dawson.  The  molluscan  fauna  of  the  lower 
clays  in  the  Ottawa  district  also  includes  Nttcula  tenuis  Mont., 
Macoma  cakarea  Chcmn.,  Saxicava  rugosa  Lin.,  Natica  affuii's 
Gmel.,  Xeptunea  dcspccta  Un.,  Cylichna  alba  Brown,  and 
Astarte  compressa  Menu.  (  ?).  Fossil  shells  of  these  species  ha\c 
all  been  found  by  the  writer  to  occur  in  the  lower  clays  at  various 
localities  in  the  vicinity  of  Ottawa.  They  ha\-e  with  one  or  two 
exceptions  been  previously  reported  to  occur  in  the  clays  of  the 
Ottawa  district.'  These  species  of  mollusca  are  all,  in  European 
waters,  high  arctic.=  They  are  ne;..-ly  all,  however,  known  to  l)e 
living  in  the  colder  parts  of  the  Gulf  of  St.  Lawrer  .  A  not.ible 
exception  is  Portlandia  arctica  Gray,  which  is  not  ;,  to  occur 

'Ami.  H.  M.,  Geol.  Surv.,  Can.,  Ann.  Kept.,  vol.  XII,  lso<),  pt.  c.  .\]jiwn(Iix. 
■  BroBscr,  W.  C,  "Om  de  Senglaciale  ok  Po«i-Klaciale  NiraforondrinKcr  i  Kristianiafdtet  •'• 
ISorges  (jeolosiska  Untcrsgelse  No.  31.  1001,  p,  681. 
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and  .hrive.  in  t^ ^^^^  '^-r.^^  '  f  ^^'^^  C-< 
Klacier  strea,ns.">     The   s^ltv  '^'"'"^^«^''  at  the  mo 

«;/-  and  other  fossil  shel     S  arc^s^  "'^    ''^"'"^'   ^^"^^ 
of  Ottawa  at  altitudes  fr,  m  1  ^0  f  T  -^T  ""'"^  '"  "^'-'  ^'^ 
Ottawa  valley  up  to  at    '  s      10  f    "l  '''  '""^^'  P""'""" 
'-ah-tv,  ...  far  as  know!    |  L^'^inhf  J^  ^-■'--'.  tLe  h 
near   Kingsmere.     P^./Wri/ .f  I,!''"'"'"^"'.'-^'^  '- 

b«is  m  the  upper  portion  of  the  liclav    "'""'n   '"   ^'"^  ^ 
other  species;  but  the  forms  Z  ,,     '  ^'  ""'"^^  ^^^  '"any  ( 

those  of  the  lower  poroTan7'"'?"^''"-'*"^-^*^"'"P^'-«^ 
of  temp..rature  cond'!;;;  T'  T^JS^'^'  ^'^-''"^  -  amelior 
most  abundantly  at  altitud...  fr     ^"-  f'"'''  '"  ^'''^  '"^^•'^^'■ 
ica-level.  *"''"*'  •'^"'"  '  '"^  f^et  up  to  275  feet  a 

Thisif:.pS;*s;;:err'"^'^^--"  "^^-''  ^^ 

layers  interbedded  with  cl  ^  hv  "^'''  ^""'"''-  '"  ^^e  sa 
clays.  Maroma  BaUhTa  it  'f  "^V"^^'"  ^'^'^  •--  of  the  u, 
nunibers.     6«.f.at Jt ".  ralsoT        "  T""  '"  '^-^'d- 

-tic  fauna  of  Arctic  ^r^d^ftn'.:  ^''^  ^1^""^-'^  and  charac 
the  upper  clays.       ^        ^''""''  '"  '''^  'o^-e--  days  is  absen 

beentt:^;  Sij:::;nrf  -'''^ '--  ^'^^^  ^ 

of  fron,  about  10  to  T  ,'  "  J^  T.^]  ^/^^^  --  only  at  dep 

of  Ottawa  occur  at  altitudes  o^fe",  .'n  f     "  "'^"  '"  "''^  '-''^'^ 

and  occur  abundantly  at  al     u  I'T  /^^^*^f  "P  ^^  at  least  510  f, 

ar^ove  the  sea.  hence  i  il  e      ^  t^l ftX     '  '"'''  ""'  ^°  '''  ' 

a  considerably  lower  level  wi  h  r!  f*"''  '""'^  '^^^'•^  "^tood 

clays  holdin/shells  of         ■  '^  c  0^^^:  ,"  ''""  ^^■''^"  '''^  '- 

part  of  the  Ottawa  vallcv  than  Ten  ^h         'T''^  ''"  ^'"^  '°^^-' 

deposi'    !.     The   clays   :uroVartitr'''^:'^'^"''''"^^'«^''^ 

deposited  during  the  time  of  lo  "'/""'''    '  '"  ^^^'^  be< 

^'  "^  emergence  of  the  land  for  they  a 

1  Rr  ,V.      •     ^''^  Ouatornary  Ice  \ir.  "  „    j„ 

Brogger,  W.  c..  /6,rf,  p.  6ki.  *''     P'  ''"• 
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overlain  by  the  upper  clay,  and  the  f)rcurrenre  of  abundant 
remains  of  Macoma  Bnlthica  in  the  littoral  deposits  in  the  district 
at  altitudes  of  470  feet  and  lower,  and  of  .\f\tilus  cilu'n  I. in.  at  .in 
altitude  of  at  least  325  feet  above  the  sea,  shows  that  the  ( lim.iie 
was  not  hij^h-an  tic  during  the  time  of  emergence  of  the  land  ,is 
Mytilus  ednlis  on  high-arctic  shores  i>  not  a  littor.il  shell  and 
Macoma  Balthua  is  more  characteristically  bore.il  than  arctic' 
The  occurrence  of  the  clays  at  high  altitudes  f.ir  up  the  Ott.iwa 
and  Gatineau  valk\>  also  shows  that  the  ice-sheet  had  retre.ited 
a  considerable  <iist.ince  before  emergence  fif  the  l.iiul  had  t.iken 
place  to  any  great  extent.  Both  the  physic.il  ch.iracter  of  the 
clays,  and  the  character  f)f  the  fauna,  therefore,  -eein  In  ~li(iw 
that  the  sea  must  have  risen  on  the  land  as  the  ice-slieet  with- 
drew; that  at  first  it  sIockI  at  about  300  feet  or  jMissibly  Iciwer 
and  later  rose  considerably  higher. 

This  is  exactly  what  has  been  shown  by  Briigger  to  have 
taken  place  in  southern  Norway.  Brogger  has  held  that  the 
oscillatif)n  of  .sea-level  was  due  to  a  depression  of  the  land. 
Wright,'  however,  has  pointed  out  that  it  is  more  probable  that 
the  sea  rose  on  the  l.md  owing  to  the  retun;  to  the  ocean  <<i  the 
water  which  had  been  bound  up  in  the  ice-sheets,  for  the  depres- 
sion of  the  sea-le\el  was  "an  absolutely  necessary  result  rif 
glaciation,"  as  has  been  shown  by  the  investigations  of  reiick, 
Woodworth,  and  Daly. 

The  rise  of  the  sea  on  the  land  which,  apparently,  look 
place  in  the  Ottawa  valley  was  precedetl  by  uplift  whic'  affected 
the  Great  Lakes  region;  for  the  Ottawa  valley  must  havel>eeii,  in 
part  at  least,  occupied  by  the  ice-sheet  during  the  existence  of 
Lakes  Iroquois  and  Algonquin  and  at  least  a  small  amount  of 
uplift  afiected  the  region  at  the  foot  of  ake  Ontario  during  the 
life  of  Lake  Iroquois.'  I'plift  also  affc  d  the  northern  portion 
of  the  Great  Lakes  region  and  prob..  ly  included  the  upper 
portion  of  the  Ottawa  valley  near  Mattawa  fluring  the  existein  e 
of  Lake  Algonquin  and  while  the  ice-sheet  still  occui)ietl  the  upper 


'  BrSBger,  W.  C  Ihid.  p.  69i. 
'Wright.  W.  B..  "The  Quaternary  Ice  Age." 

•Coleman,  A.  P..  "The  Iroquois  Beach  in  Ontario,"  Bull.  Geol.  Soc.  Am.,  vol.  .XV.  190J, 
pp.  347-368. 
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